Abstract: A non-iterative synthesis procedure for sub-harmonic stub (SHS) bandpass and band-stop filters is presented. The method ensures better agreement between the synthesized filter response and the original prototype function than was possible previously without iterative techniques. The procedure is illustrated for two L-band microstrip filters, with good agreement between modeled and measured responses.
A simple transmission line topology for realizing transmission zeros in both band-stop and band-pass filters was proposed [7, 8] whereby a conventional stub filter's shunt stubs were elongated to 2l 1 and 4l 1 to form sub-harmonic stubs (SHS), where l 1 is the conventional λ 0 /4 length of a stub generated by Richard's transform [1] at a given stop-band or pass-band center frequency f 0 . In both cases, the authors relied on iteratively selected, rather than synthesized, values of impedance for the elongated stubs. This paper presents a synthesis procedure whereby an arbitrary frequency may be chosen to match the responses of the SHS filter and the original low-pass prototype response, thereby establishing a non-iterative synthesis method for this class of filters. This agreement may be used to preserve pass-band reflection, width or any other chosen parameter through the synthesis process. The process is demonstrated on both band-pass and band-stop filters. 
the cut-off in the low-pass prototype is calculated as 3.832 Rad/s, leading (though low-pass to high-pass transformation and Richard's transforms) to the generalized circuit in Fig. 1 with block "A" representing a short circuit and "B" an open circuit termination. The response of the prototype function is marked as trace -Δ-in Fig. 2 with synthesized values of Z 2 = 219.8 Ω, Z 1,3 = 12.65 Ω and f 1,2,3 = 1 GHz.
To realize the finite transmission zeros in the stop-band the short-circuited terminations of the shunt stubs (marked "A" in Fig. 1 
where f z is the frequency where the stub's length is equal to λ z /4. A frequency f m of exact correspondence may now be chosen, which will produce a unique impedance value Z l for the stub by equating Eq. (2) In the band-stop case, instead of calculating the appropriate impedance from a shunt inductor as in Eq. (2), the impedance of the two elongated stubs are calculated from the equivalent input impedance of a shunt capacitance C in the lumped element lowpass prototype
at a given Richards' variable value Ω m , which transforms to a given real frequency f m .
This impedance is again equated to that of an an open-circuited shunt stub as in Eq. 
Simulation and measurement results: Both filters were realized on two layers of 32mil
Rogers RO4003C, as dimensioned in Fig. 5 and pictured in Fig. 6 . For both the bandpass and band-stop filters, the light shaded trace is the filter's top signal layer forming the two series stubs Z 2 in Fig. 3 . In the band-stop filter's case, the top strip is terminated with a via down to the lower signal layer, whilst in the band-pass filter these vias and via pads are omitted.
The band-pass filter is dimensioned (Fig. 5) -OSimulated response.
-×-Measured response. 
